Lesions of the lower clivus represent a technically challenging subset of skull base disease that requires careful treatment. A 75-year-old woman with tongue atrophy was referred for resection of a presumed clival chordoma. The lesion was resected via an endoscopic transnasal transclival approach with no complications. Pathology revealed only chronic inflammatory tissue consistent with a degenerative pannus. Degenerative pannus should be included in the differential diagnosis of lower clival extradural lesions. The endoscopic transnasal transclival corridor should be considered for resection of such lesions as an alternative to larger, more morbid, traditional skull base approaches.
lower part of the clivus in the upper aspect of the odontoid process of the cervical C2. The presumptive diagnosis was a clival chordoma, and we performed an endoscopic transnasal transclival resection of the mass, which was shown with pathological review to be consistent with a degenerative pannus. Unique features of the case are presented, along with a discussion of the skull base approach and a review of the literature.
CASE REPORT
A 75-year-old woman with a history of osteoarthritis, hypertension, and pulmonary embolism and a remote history of smoking presented with complaints of loss of balance and increasing falls over the course of 1 year. The patient did not have a known history of rheumatoid arthritis. Her symptoms began after she experienced a transient ischemic attack during which she had a sudden onset of drooling and slurred speech that improved over a few hours. Yet over the course of the next few months, her symptoms gradually returned and became persistent. She eventually noticed disfigurement of her tongue.
On examination, the patient had full motor function in all myotomes and normal deep tendon reflexes (2 þ ) in both the upper and lower extremities. Her cranial nerve exam revealed a right hypoglossal nerve palsy associated with significant tongue atrophy, but the other cranial nerves were noted to be intact. Magnetic resonance imaging (MRI) of the brain revealed a heterogenous lesion of the right inferior clivus, which was interpreted as a clival chordoma by an outside hospital. MRI further demonstrated extra-axial compression of the medulla oblongata with associated T2 hyperintensity of the effaced portions of the brain stem (Fig. 1) . A CT scan confirmed the presence of an extra-axial lesion at the craniovertebral junction and also highlighted degenerative changes at the atlantoaxial and atlantooccipital joints (Fig. 2) . Based on the available imaging, our differential diagnosis included chordoma, cystic meningioma, chondrosarcoma, and metastatic disease, but because of the radiographic appearance and associated C1-C2 disease, we considered rheumatoid or another degenerative process high on our list as well.
SURGERY
Prior to surgery, fine-cut MRI and CT scans of the brain were obtained for neuronavigation. On the day of surgery, the patient was orotracheally intubated, and the lower cranial nerves monitored. Using a zero-degree endoscope, the patient underwent a transnasal-transclival resection of the lesion, which we felt was most likely extradural. A left-sided septal mucosal flap (with attached vascular pedicle) was harvested and stored in the nasopharynx for use at the end of the case in the event the lesion was found to be intradural, a CSF leak was encountered, or an extensive reconstruction was necessary. The right middle turbinate was resected and a posterior septotomy performed to give binarial access to the region of the clivus.
Without entering the sphenoid sinus, and with our trajectory determined by the use of anatomic landmarks as well as image guidance, a paramedian incision in the posterior pharynx was made and the incision extended into the superior pharyngeal musculature. The small linear incision allowed for exposure of the clival bone at a depth of 1 cm from the mucosal surface. The superior aspect of the anterior ring of C1 was palpated and exposed. A drill was used to create a bony window in the right side of the clivus, revealing the lesion. The heterogeneous fibrotic mass was removed with sharp and blunt dissection techniques until the underlying dura was exposed and all extradural effacement of the posterior fossa had been alleviated. The lesion was removed circumferentially with no associated dural violation or cerebrospinal fluid (CSF) leak. The mucosal flap was then used to close the pharyngeal mucosal deficit with ''tacking'' of the flap in place accomplished with DuraSeal (Confluent Surgical, Waltham, MA). The patient tolerated the procedure well and emerged from anesthesia without complication. Estimated blood loss for the procedure was 200 mL.
The patient had no new neurological deficits after the operation. There was no evidence of a CSF leak. She maintained a normal range of motion in her neck, and flexion/extension cervical spine X-rays demonstrated no instability. A postoperative MRI scan of the brain demonstrated complete resolution of the clival lesion (Fig. 3) . The patient left the hospital on postoperative day 4. The pathology of the lesion revealed benign fibrous capsule with fragments of necrotic material consistent with degenerative disease, which was not associated with malignancy. The patient underwent nasal suctioning and debridement at 2 weeks postoperation and continued twice daily nasal flushes. Nasal morbidity was otherwise minimal. At 7 weeks postoperatively, the patient had regained some bulk on the right side of her tongue, but it was still paretic.
DISCUSSION
The endoscope has become an increasingly popular tool for approaching the sella and resecting pituitary tumors. 10 Endoscopic techniques have also been applied to lesions of the clivus, petrous bone, cavernous sinus, and infratemporal fossa. [3] [4] [5] 11 Endoscopy allows for excellent visualization of key structures and pathologies in the clival region, 10, [12] [13] [14] while avoiding the significant morbidity that can be associated with traditional skull base procedures. These approaches often involve a large scalp incision, extensive bone work, and brain retraction. They can have the potential for morbidity and extended hospital stays and may involve cranial nerve injury. Traditional skull base approaches to the clivus have included extended subfrontal-transnasal transethmoidal, 15 transoral, 12,16 transmandibular circumglossal, 17 pterional, frontotemporal orbitozygomatic, 18 Kawase's approach, 19 subtemporal, 20 translabyrinthine, posterior petrosectomy, retrosigmoid, and far lateral. 21 Even CTguided biopsy is not without risk due to its indirect approach, or the potential for ambiguous results due to small biopsy sample size.
Endoscopic approaches have been shown to have low risks of complication and have evolved into a viable alternative to craniotomy and CT-guided biopsy when addressing lesions of the clivus. 2, 12, 22 Although endoscopic approaches may have lower overall risks than other procedures, they are associated with a high risk of CSF leak. [2] [3] [4] [5] Unintended and intentional durotomies can be repaired intraoperatively by using a mucosal flap or fat graft, but especially in the case of the mucosal flap; the surgeon(s) must plan ahead for these contingencies. 12 Other drawbacks of the endoscopic approach include the lack of three-dimensional optics (although this is changing), a technical learning curve for endoscopic techniques, diminished ability to control bleeding, and difficulty in achieving en bloc resection. 3 Transoral endoscopic approaches allow for a wide working area and contain familiar anatomy. 23 Additional advantages include an approach through the avascular midline raphe as well as decreased angulation of the brain stem due to an extension of the head and neck in the operating room as opposed to flexion. 24 Disadvantages include the need for nasogastric tube (NGT) use to prevent food getting stuck in the healing pharynx. 25 Similarly, progression to normal diet can be slow with up to 5 days needed for NGT, then several days of clear liquid diet, then attempts at a full diet. In our case, our patient did not require an NGT; she tolerated a clear liquid diet on postoperative day 1, and by postoperative day 3, she was tolerating a general diet. Additional disadvantages of the transoral approach include possible need for soft palate splitting, posterior oropharyngeal incision, compression to the tongue from the required retraction, airway swelling, upper airway obstruction, velopharyngeal insufficiency, damage to teeth by retractors, dysphonia, and a deep surgical corridor. 23 We avoided these complications by employing a transnasal approach. The transnasal approach is not risk free, however. Possible morbidities include nasal crusting, epistaxis, and infections. 3 Both benign and malignant lesions can invade the clivus. Common lesions include chordomas, chondrosarcomas, meningiomas, pituitary adenomas, undifferentiated carcinomas, adenoid cystic cancers, fibrous dysplasia, and mucoceles. 2, 3, 12 Due to the assortment of pathology in this anatomic region, definitive radiological diagnosis can be difficult. Imaging studies can include plain radiographs, CT scans, and MRI with or without magnetic resonance spectroscopy. Osseous erosion and anatomy can be best evaluated using CT scan, 7 whereas MRI best highlights tumor characteristics, soft tissue anatomy, and neural involvement. In rheumatoid patients, typical MRI characteristics include erosion of the dens or atlas, cord compression, brain stem compression, and the presence of moderate to severe pannus formation. 26 Indications for surgery include the need for a tissue diagnosis, intractable pain, neurological involvement, and occipitocervical instability. 7 The clivus is one of the most common areas for chordomas, which represent malignant remnants of the embryonic notochord. 12 Clival chordomas grow slowly and are locally damaging. Recurrence of chordomas is very common and depends on the initial extent of involvement and the degree of resection. 27 Total resection is difficult, leading to a high rate of recurrence. Recurrent chordomas are typically more aggressive and difficult to control than primary ones. 28, 29 The 5-year survival rate for all comers is around 65% 30, 31 ; however, the survival rate improves to 75% if the patient is diagnosed before age 40. 32 On the other hand, the overall recurrence rate is high, ranging from 31 to 54%. 27, 33 With increasing utilization of the endoscope, it will be interesting to see if recurrence rates are affected. This approach, with its advantages of bright illumination and close visualization of tumor and surrounding structures alike, may lead to more complete resections during primary chordoma surgery. 13, 14 In addition, the endoscopic route offers an alternate ''virgin'' approach for patients with recurrence who have previously undergone craniotomy in whom second-stage surgery is warranted. 13 Chondrosarcomas appear similar to chordomas and can also invade the clivus, but can be differentiated pathologically by immunohistochemistry. 34 These lesions are believed to be derived from either embryonal cartilage or from altered fibroblasts. 12, 35 Diagnostic differentiation is important because chondrosarcomas have better survival and recurrence rates then chordomas. 12 Meningiomas can commonly grow in the clival region, and pituitary macroadenomas can extend into the clivus from the floor of the sella. 36 Rheumatoid disease, by contrast, most often occurs at or below the craniovertebral junction, frequently behind the odontoid process. 9 Rheumatoid arthritis is an autoimmune process involving synovial joints and can lead to atlantoaxial instability and subluxation, cranial settling, and basilar invagination. 8 A common feature of rheumatoid disease is pannus formation via an inflammatory and granulation reaction. This is a common cause of spinal cord or brain stem compression when it occurs retro-odontoid or at the atlantooccipital junction. 9, 37, 38 In our case, the compression was more rostral, and the corresponding treatment had to be different. In many cases of retroodontoid rheumatoid pannus formation, especially those associated with C1-C2 instability, posterior stabilization of the atlantoaxial joint via C1-C2 or occipitocervical fusion allows for resolution of the pannus and associated mass effect. In our case, such a treatment strategy would not have been likely to succeed.
CONCLUSION
Degenerative pannus should be included in the differential diagnosis of lower clival extradural lesions. The endoscopic transnasal trasclival corridor should be considered for resection of such lesions, or even intradural lesions (as a surgeon's comfort and ability to perform dural reconstruction progresses), as an alternative to larger and more morbid traditional skull base approaches. The endoscopic approach provides the surgeon with excellent illumination and visualization of these lesions while allowing for resection and accurate pathological diagnosis. The minimally invasive nature of the endoscopic approach allows for a potentially shorter recovery period, and the direct trajectory associated with the transclival approach allows for avoidance of injury to neural structures.
